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Introduction
Several plausible mechanisms for producing tropospheric layers exist. One mechanism is intruding stable stratospheric air, which then spreads out horizontally into the troposphere. Another mechanism is convection lifting air in a buoyant plume until it reaches its neutral buoyancy level and spreads out horizontally, as in the case of cumulus clouds. A large fire can produce a buoyant plume, similarly forming a layer. Large-scale subsidence can produce dry layers. Finally, layers with different chemical constituent mixing ratios can form due to a wind shear superimposing air masses fi'om two very different source regions. In this paper we attempt to identify the predominant generating mechanism for certain layer types.
We collected observations from aircraft descending and ascending while measuring ozone, water vapor, carbon monoxide, methane, and other gases. We then used these trace Most of the vertical profiles were altitude ramps covering horizontal distances between 100 and 200 km; some were spirals near the same horizontal position. We note that profiles taken over 100 to 200 km may identify spurious layers that were actually vertical plumes; however, comparing the profiles with ozone mixing ratio lidar images (see below) shows that the detected deviations had a significant horizontal extent and are best identified as horizontal layers.
PEM-WEST FLIGHT ROUTES
The missions used fast response instruments to measure 03, H20, CO, and CH4 mixing ratios. Ozone was measured on the DC-8 with a nitric oxide chemiluminescence technique [Gregory et al., 1987] On the basis of an extensive visual analysis of time series plots and altitude profiles of the various constituents, we found that the 03, CO, and CH4 background levels remained fairly constant with altitude throughout the troposphere. The significant exception was the marine boundary layer, where 03, CO, and CH4 mixing ratios were generally significantly +03 +H20 +CO +CH4  polluted air raised by convection  +03 -H20 +CO +CH4  polluted air (may have a stratospheric cap)  +03 -H20 -CO -CH4  stratospheric air  +03 -H20 +CO -CH4  urban/industrial pollution  +O3 -H20 -CO +CH4  aged pollution  -O3 -H20 -CO -CH4 clean, subsiding marine air -O3 +H20 -CO -CH4 clean air raised from the boundary layer by convection Plus refers to a positive deviation from the background. Minus refers to a negative deviation from the background. lower than in the free troposphere, due to more abundant OH in this moist region. We neglected the lowest 2 km of the atmosphere to avoid defining the marine boundary layer as a layer in our statistics while recognizing that this approach may introduce a bias against these lower mixing ratios.
We now outline the procedure used for defining the constituent background. First, we eliminated any linear trend present in the profile by subtracting out the least squares fit to a straight line. Then we divided the resultant data into bins of width 10 ppbv (10% relative humidity for H20). Then a straight line was fitted in a least squares sense to the data points in the bin with the most points (the mode). Finally, the linear trend of the original profile was added back. If fewer than 25% of the data points were in the mode bin, then it was deemed to be an ill-defined mode, and the background was One of the key objectives of PEM was to study the ozone budget over the Pacific. This is why we used ozone as the first criterion for defining a layer. We focused on identifying polluted and stratospheric layers where ozone production has occurred or is occurring, and layers where ozone is destroyed, for example, marine air exposed to high levels of ultraviolet radiation. Thus, though it would be possible to define a layer category in which the ozone level is close to background, we only examined layers with ozone mixing ratios well above or well below the background. Once we found ozone layers semiobjectively using our algorithm, we looked at other constituents to determine the possible mechanisms through which the layer was created. We used water vapor as a second criterion because it is a good way to determine whether a layer was produced by subsidence (low water vapor) or convection (high water vapor). One ambiguity is that polluted air is frequently low in water vapor because it originated over the continents rather than over the ocean but does not necessarily form layers through subsidence. In order to distinguish between pollution and subsiding stratospheric air, both of which are high in ozone and low in water vapor, we looked for high CO and CH4 mixing ratios as additional markers of pollution. Stratospheric air would have high ozone but CO and CH4 mixing ratios below the background level. Even the use of all four trace constituents does not completely distinguish stratospheric and polluted air; the high stability of stratospheric air allows it to trap pollution. We used lidar and potential vorticity data to resolve this problem as [Boldi, 1992] . Our method of identifying the mechanism through which ozone rich and ozone poor layers are formed dynamically is summarized in Table 1 . We indicate layers with high levels of a given constituent by writing a plus before the constituent and layers with low levels by writing a minus before the constituent.
Two previous papers on layers [Newell et 
Layers Defined by Ozone and Water Vapor
We will refer to ozone rich and water vapor rich (+03 +H20) layers as type 1 layers, ozone rich and water vapor poor (+03-H20) layers as type 2, ozone poor and water vapor rich (-03 +H20) layers as type 3, and ozone poor and water vapor poor ( (Note that PEM-Tropics A had thinner layers on the average, which probably means that the finer resolution of the data •om that mission enabled us to "see" the thinner structures missed out in the previous missions.) Given the geographical difference between PEM-Tropics A and PEM-West, and the meteorological and seasonal differences between PEM-West A and PEM-West B, the similarity is surprising. The similarity allows us to tentatively suggest that the various mechanisms producing layers (Table 1) 
.: Tables 4a-4c show the layer statistics based on all four criteria for the three missions; Figure 3 illustrates the number of layers per kilometer for each layer type. This figure shows that ozone-rich, water-vapor-poor (type 2) layers dominate. In PEM-Tropics A, 87% of these layers were polluted (type 2a), and 13% were stratospheric (type 2d); in PEM-West A, 96% were polluted and 4% were stratospheric; and in PEM-West B, 70% were polluted, and 30% were stratospheric. The dominance of polluted type 2 layers across all missions points to the importance of atmospheric stability working against buoyant convection in layer formation. Plausible scenarios are layers of stratospheric intrusions trapping rising polluted air, and pollution plumes rising to a high level where they become neutrally buoyant and spread out like anvils. In (Tables 4a-4c Abbreviations in the table are The peak CO mixing ratio was more than 300 ppbv in the layer, and the CH 4 mixing ratio was close to 1770 ppbv ( Figure 7 ). Directly below, near 2 krn, was another layer high in ozone, carbon monoxide, and methane.
Layer Influence on Atmospheric Temperature
The presence of layers with ozone and water vapor mixing ratios significantly different from the background atmosphere introduces changes in the radiative heating and cooling rates, which are strongly dependent on these gases. We show an example based on a typical ozonesonde profile taken at Tahiti exist for relatively long periods. Eventually, large-scale sinking motion in the anticyclonic regions will move the air down into the boundary layer, where it will be mixed and oxidized, and the layer will lose its identity. The stabilization by radiative processes also will influence potential vorticity and complicate its use as a stratospheric tracer.
Conclusion
Of the layer production mechanisms summarized earlier, the most important is clearly the intrusion of stratospheric air into the troposphere. Not only does this produce layers of +Os-H20 -CO -CH4 air, but the strong stability of stratospheric air results in +Os -H20 +CO +CH4 layers by trapping otherwise buoyant plumes of pollution. However, especially over the tropics, convection penetrates to very high levels, and layers formed through stabilized convective plumes would tend to stretch to altitudes above the limit of the aircraft used. Thus our analysis probably underestimates such layers.
Clearly, by looking only at layers with ozone mixing ratio deviations from the background, we may be neglecting several types of layers. However, we should detect layers produced by all of the mechanisms listed in Table 1 . Clean marine air brought up from the boundary layer has a low ozone mixing ratio, compared to the flee troposphere. Subsiding marine air originally brought up from the boundary layer should still have a low ozone mixing ratio; if it does not, then such layers have been effectively mixed into the free troposphere or are too large to be considered small-scale structure (defined as a few hundred meters thick for our purposes). Polluted air raised by convection should have elevated Os, CO, and CH4, as well as having a higher relative humidity than the background. Thus our results, though dealing with a limited layer sample, clearly suggest that stratospheric air mixed with pollution is the dominant source for ozone layers in the troposphere. Further studies with larger samples will be required to answer questions such as (1)How many polluted layers are formed without the help of stratospheric caps? (2) What are the geographical sources of these layers? The latter question is especially important for the relatively unexplored PEMTropics A sampling region. This paper is the third in a series dealing with aircraftdetected layers. In the first two we used a 2-km sliding filter. 
